Exploring Wire-EDM for Manufacturing the High Quality Meso-gears  by Gupta, Kapil et al.
 Procedia Materials Science  5 ( 2014 )  1755 – 1760 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).














PDFKLQLQJ UDWH 7KHJHDUV PDQXIDFWXUHG ZLWKLQ WKH EUDFNHWHG UDQJHVRI:('0SDUDPHWHUVZHUH LQVSHFWHG IRUPLFURJHRPHWU\ SURILOHDQG
SLWFKDQGVXUIDFHLQWHJULW\ %HWWHU TXDOLW\XSWR',1VWDQGDUGDQGVXUIDFHLQWHJULW\DVSHFWVRIWKH :('0HG JHDUV SURYHG WKHFDSDELOLW\DQG
VXSHULRULW\RI:('0IRU PDQXIDFWXULQJ WKHKLJKTXDOLW\PHVRJHDUV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGVPHVRJHDUV :('0ZLUHEUHDNDJH IUHTXHQF\ PLFURJHRPHWU\VXUIDFH LQWHJULW\
 ,QWURGXFWLRQ
*HDUVKDYLQJRXWVLGHGLDPHWHUOHVVWKDQPPDUH FODVVLILHG DV PLQLDWXUHJHDUV >*UH]LN DQG +VX@ 7KH\ FDQEH
IXUWKHU FODVVLILHG DV PLFURJHDUV RXWVLGHGLDPHWHU OHVVWKDQ PPDQG PHVRJHDUV RXWVLGHGLDPHWHULQWKHUDQJHRIPP
+LJKTXDOLW\ILQHSLWFKHGPHVRJHDUV PDGH RIEUDVVDUH WKHNH\FRPSRQHQWV XVHGLQWKH SUHFLVHDQG DFFXUDWH PLQLDWXUL]HGGHYLFHV
VXFK DV PHDVXULQJ LQVWUXPHQWV WLPHUPHFKDQLVPV HOHFWURQLF DQG KRPH DSSOLDQFHV PLQLDWXUHPRWRUV DQG SXPSV DXWRPRWLYH
SDUWV EXVLQHVVPDFKLQHV HWF 6LQFH WKHVHJHDUVDUHXVHG IRU KLJKVSHHG DQG ORZORDG DSSOLFDWLRQV WKHUHIRUHPLQLPXPUXQQLQJ
QRLVH DFFXUDWH PRWLRQ WUDQVIHU DQG ORQJHU VHUYLFH OLIH DUH WKH LPSRUWDQW GHVLUDEOH FKDUDFWHULVWLFV IRU WKHP *XSWD DQG -DLQ
DFDQG7RZQVHQGPHQWLRQWKDWWKHVHFKDUDFWHULVWLFV GHSHQGRQ WKH DPRXQWRI SURILOHHUURUSLWFKHUURUDQGVXUIDFH
URXJKQHVVSDUDPHWHUV RI WKHPHVRJHDUV 7KHGHVLUDEOHYDOXHV IRU WKHVH SDUDPHWHUV FDQEH DFKLHYHG E\ D SUHFLVHDQGDFFXUDWH JHDU
PDQXIDFWXULQJ SURFHVV +REELQJ VWDPSLQJ H[WUXVLRQ GLH FDVWLQJ DQG SRZGHU PHWDOOXUJ\ DUH WKH PRVW FRPPRQO\ XVHG
FRQYHQWLRQDO SURFHVVHV IRU PDQXIDFWXULQJ WKH PHVRJHDUV >'DYLV  DQG 7RZQVHQG @ %XW WKH TXDOLW\ RI JHDUV
PDQXIDFWXUHG E\WKHVHSURFHVVHVLV SRRU LH TXDOLW\QXPEHULQWKHUDQJHRILQWKH 'XWVFKH 1RUPHQ ',1 VWDQGDUGZKLFK
QHFHVVLWDWHV VXEVHTXHQWILQLVKLQJ RSHUDWLRQ 7KLV FRPSHOV H[SORUDWLRQRIDQDOWHUQDWHJHDUPDQXIDFWXULQJSURFHVV :LUHHOHFWULF





© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1756   Kapil Gupta et al. /  Procedia Materials Science  5 ( 2014 )  1755 – 1760 
0F*HRXJK  DQG 4LQ  KDYH UHSRUWHG XVH RI:('0 IRU PHVR DQG PLFURPDQXIDFWXULQJ RI YDULRXV HQJLQHHULQJ






,Q:('0WKHPDWHULDOLVUHPRYHGE\ D WKHUPRHOHFWULFHURVLRQSURFHVVLQYROYLQJPHOWLQJDQGYDSRUL]DWLRQFDXVHG GXHWR DQ
HOHFWULFVSDUNRFFXUULQJEHWZHHQ DYHU\WKLQ ZLUHDQGDQHOHFWULFDOO\FRQGXFWLYHZRUNSLHFH>0F*HRXJK@$KLJKIUHTXHQF\
'& SXOVHSRZHU LV XVHG LQ WKH LQWHUHOHFWURGH JDS ,(* EHWZHHQ WKH ZLUH DQG ZRUNSLHFH ZKLFK LV IOXVKHG ZLWK D VXLWDEOH
GLHOHFWULF KDYLQJUHODWLYHO\ORZHUEUHDNGRZQYROWDJH7KLVFDXVHV RFFXUUHQFHRI WLQ\ VSDUNV (QHUJ\FRQWDLQHGLQDWLQ\VSDUN
UHPRYHVD IUDFWLRQRIZRUNSLHFHPDWHULDO 2FFXUUHQFHRID ODUJHQXPEHURI VXFK WLQ\ VSDUNV EHWZHHQ WKHZRUNSLHFHDQGZLUH
HOHFWURGHFDXVHV WKHHOHFWURHURVLRQRIWKHZRUNSLHFHPDWHULDO 0DLQ FDXVHVRIKLJKHU VXUIDFHURXJKQHVVKLJKIUHTXHQF\RIZLUH
EUHDNDJH DQGPLFURJHRPHWU\ HUURUV GXULQJ :('0RI HQJLQHHULQJ SURGXFWV DUH LUUHJXODU VKDSHG FUDWHUV SURGXFHG E\ YLROHQW
VSDUNDWKLJKGLVFKDUJHHQHUJ\SDUDPHWHUVHWWLQJV>+R HWDODQG /LDR HWDO @ DGKHUHQFHRIZLUHWRWKHZRUNSLHFH
VXUIDFH>*XSWDDQG-DLQEF DQG 6KDQGLO\D HWDO@DQGGHIOHFWLRQRIZLUHIURPLWV LQWHQGHGSDWKNQRZQDV ZLUHODJ
>$UXQDFKDODPHWDO DQG 3XUL HWDO@
7KHUHLVDVFDUFLW\RIWKH SDVWZRUN RQ PDQXIDFWXULQJ RI PHVRJHDUVE\:('0DQG ZKDWHYHUOLWWOHZRUNKDVEHHQUHSRUWHGLV
FRQFHQWUDWHG RQ DQDO\]LQJ WKH VXUIDFH URXJKQHVV DQG PLFURVWUXFWXUDO FKDUDFWHULVWLFV RI WKHVH JHDUV >$OL HW DO  DQG
%HQDYLGHVHWDO@ 7KHRYHUDOOREMHFWLYHVRIWKHSUHVHQWH[SHULPHQWDOZRUNZHUHDLPHGWREULGJHWKLVUHVHDUFKJDS 7KHVH
REMHFWLYHV ZHUHL WRH[SORUHWKHSRVVLELOLWLHVRIPDQXIDFWXULQJKLJKTXDOLW\PHVRJHDUVKDYLQJ PLQLPXPPLFURJHRPHWU\HUURUV
EHWWHUVXUIDFH LQWHJULW\DQG GHIHFWIUHHVXUIDFHV LL WRVWXG\ WKHHIIHFWVRI:('0SDUDPHWHUVRQ PLFURJHRPHWU\DQG VXUIDFH
LQWHJULW\RI WKH PHVRJHDUVDQGLLLWRRSWLPL]HWKH:('0SURFHVVSDUDPHWHUVWRPD[LPL]HWKHTXDOLW\DQGSURGXFWLYLW\RIWKHVH
JHDUV 7R DFKLHYH WKHVH REMHFWLYHV WKH ZKROH H[SHULPHQWDO UHVHDUFK ZDV SODQQHG DQG FRQGXFWHG LQ IRXU VWDJHV QDPHO\ L
SUHOLPLQDU\H[SHULPHQWV WRLGHQWLI\ WKH IHDVLEOHUDQJHVRI IRXU PRVWLPSRUWDQW:('0SDUDPHWHUVQDPHO\ YROWDJH9SXOVHRQ
WLPH 7RQ SXOVHRII WLPH 7RII DQG ZLUH IHHG UDWH : IURP WKHLU HQWLUH UDQJHV DYDLODEOH RQ WKH :('0 PDFKLQH IRU
PDQXIDFWXULQJ RI PHVRJHDUV RI EUDVV 7KHFULWHULDXVHGZHUHWRPLQLPL]HZLUHEUHDNDJHIUHTXHQF\DQGVXUIDFHURXJKQHVVDQGWR
PD[LPL]H PDFKLQLQJ UDWH LL SLORW H[SHULPHQWV XVLQJ RQH IDFWRUDWDWLPH DSSURDFK WR IXUWKHU QDUURZ GRZQ WKH LGHQWLILHG
IHDVLEOH UDQJHVRI WKH :('0SDUDPHWHUVIRUWKHPDLQH[SHULPHQWVZLWKREMHFWLYHVWRPLQLPL]H HUURUV LQWKHPLFURJHRPHWU\LH
HUURUV LQ SURILOH DQG SLWFK VXUIDFH URXJKQHVV LH DYHUDJH DQG PD[LPXP URXJKQHVV YDULDWLRQ LQ PLFURKDUGQHVV DQG WR
LPSURYHIODQNVXUIDFHWRSRJUDSK\PLFURVWUXFWXUHDQGEHDULQJDUHDSURSHUWLHV LLL PDLQH[SHULPHQWV XVLQJ%R[%HKQNHQGHVLJQ
RI H[SHULPHQWV DSSURDFK WR RSWLPL]H WKH TXDOLW\ RI WKH PLQLDWXUH JHDUV DQG SURGXFWLYLW\ RI WKH :('0 SURFHVV  DQG LY
FRQILUPDWLRQH[SHULPHQWV WRYDOLGDWHWKH UHVXOWVRIRSWLPL]DWLRQ
7KH SUHVHQWSDSHUUHSRUWVWKHUHVHDUFKILQGLQJV RI WKH SUHOLPLQDU\H[SHULPHQWVFRQGXFWHGWREUDFNHWWKRVH IHDVLEOH UDQJHV RI
:('0SDUDPHWHUV ZKLFK HQVXUHG QR ZLUHEUHDNDJH KLJKHUSURGXFWLYLW\ DQG EHWWHU VXUIDFHFKDUDFWHULVWLFV7KHRXWFRPHRI WKH
SUHVHQW UHVHDUFKZRUN IDFLOLWDWHG IXUWKHUH[SHULPHQWDO UHVHDUFKZKLFKKHOSHG LQHVWDEOLVKLQJ:('0DVYLDEOHDQGHFRQRPLFDO
PDQXIDFWXULQJDOWHUQDWLYHIRUKLJKTXDOLW\PHVRJHDUV
 ([SHULPHQWDWLRQ DQG0HDVXUHPHQWV
3UHOLPLQDU\ H[SHULPHQWV ZHUHFRQGXFWHGE\FXWWLQJDUHFWDQJXODU SODWHRI EUDVV KDYLQJ PP WKLFNQHVV RQ (FRFXW &1&ZLUH
('0 PDFKLQH )LJXUH XVLQJKDOIKDUGEUDVVZLUHRIPPGLDPHWHU 7KHFKHPLFDOFRPSRVLWLRQRIZRUNPDWHULDOIRXQGE\
HQHUJ\ GLVSHUVLYH;UD\ ('; DQDO\VLV LV VKRZQ LQ )LJXUH 7DEOH  SUHVHQWV WKH DYDLODEOH UDQJHV RI WKH YDULDEOH:('0
SDUDPHWHUV YROWVIRUYROWDJHVIRUSXOVHRQWLPHV IRUSXOVHRIIWLPHDQG PPLQ IRUZLUHIHHGUDWH
DQGYDOXHVRIWKHIL[HGSDUDPHWHUVXVHGLQWKHH[SHULPHQWV
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)LJ ([SHULPHQWDOVHWXS )LJ (';DQDO\VLVRIZRUNPDWHULDO
7KH UHVSRQVHV FRQVLGHUHGZHUHZLUHEUHDNDJH IUHTXHQF\ VXUIDFH URXJKQHVV DYHUDJH URXJKQHVV DQGPDFKLQLQJ UDWH :LUH
EUHDNDJHIUHTXHQF\ZDVFDOFXODWHGE\GLYLGLQJWKHQXPEHURIZLUHEUHDNDJHVGXULQJPDFKLQLQJ E\WKHWRWDOPDFKLQLQJWLPHIRUD
OHQJWKRI FXWRIPP 7KHPDFKLQLQJWLPHZDV UHFRUGHG XVLQJ DVWRSZDWFKKDYLQJ D OHDVWFRXQWRIVHFRQGV 7KHVXUIDFH
URXJKQHVVDYHUDJHVXUIDFHURXJKQHVVRIEUDVVVWULSVZLGWKPPOHQJWKPPDQGWKLFNQHVV PPZHUHPHDVXUHGXVLQJ
WKH 3HUWKR PHWHU IURP 0DKU PHWURORJ\ *HUPDQ\ IRUDQHYDOXDWLRQOHQJWKRI  PP DQG XVLQJPPDV WKH FXWRII OHQJWK












DDQGE7KHJHDUVDUHRIH[WHUQDOVSXUW\SHKDYLQJLQYROXWHSURILOHZLWKWHHWK PPRXWVLGHGLDPHWHU  PP
PRGXOH DQGIDFH ZLGWKRIPP 3URILOHDQGSLWFKHUURUVRIWKHVH PHVRJHDUVZHUHPHDVXUHGRQ 6PDUW *HDU &1&JHDUPHWURORJ\
PDFKLQHIURP :HQ]HO7HFK*HUPDQ\ XVLQJDSUREHRIPPGLDPHWHU 6FDQQLQJHOHFWURQPLFURVFRS\ZDVGRQHRQWKH 6XSUD 
IURP &DUO=HLVV *HUPDQ\
 5HVXOWVDQG'LVFXVVLRQ
)LJXUHV DEFDQGGGHSLFW WKH YDULDWLRQRIZLUHEUHDNDJHIUHTXHQF\ZLWKYROWDJHSXOVHRQWLPHSXOVHRIIWLPHDQGZLUH
IHHG UDWH UHVSHFWLYHO\ :KLOH)LJXUHVDDQGGDOVR VKRZ WKHYDULDWLRQRI VXUIDFH URXJKQHVVZLWKYROWDJH DQGZLUH IHHG UDWH
UHVSHFWLYHO\
)URPWKHVHILJXUHVIROORZLQJREVHUYDWLRQVFDQEHPDGH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x +LJKIUHTXHQF\RIZLUHEUHDNDJHZDVREVHUYHGDW YROWDJHDERYHYROWV)LJD SXOVHRQWLPHPRUHWKDQV )LJE
DQGDWSXOVHRIIWLPHOHVVWKDQV )LJFGXHWRWKHKLJKHULQWHQVLW\DQGORQJHUSHULRGIRUWUDQVIHURIGLVFKDUJHHQHUJ\WR
WKHZRUNSLHFH
x /RZHU ZLUHIHHGUDWHH[SRVHVWKHZLUHWREHDUPRUHGLVFKDUJHHQHUJ\SHUXQLWZLUHOHQJWKZKLFKLQFUHDVHV WKHZLUHEUHDNDJH
IUHTXHQF\ DQG YLEUDWLRQV RI ZLUH ZKLFK LQ WXUQ LQFUHDVHV WKH FKDQFHV RI DGKHUHQFH RI ZLUH WR WKH ZRUNSLHFH DQG
FRQVHTXHQWO\JHQHUDWHVWKHURXJKHUVXUIDFH 7KHUHIRUH PDFKLQLQJ DW ZLUHIHHGUDWHEHORZPPLQOHGWRKLJKIUHTXHQF\RI
ZLUHEUHDNDJHDQG LQFUHDVH LQ WKH VXUIDFHURXJKQHVV RU LQRWKHUZRUGV LWFDQEHVDLG WKDW LQFUHDVH LQZLUHIHHGUDWHDERYH
PPLQGHFUHDVHVWKHURXJKQHVVDQGQXOOLI\WKHFKDQFHVRIZLUHEUHDNDJH)LJG
,WZDVDOVRREVHUYHG WKDW LQVXIILFLHQW QXPEHURI VSDUNV RFFXUUHGDWYROWDJHEHORZYROWVSXOVHRQ WLPHEHORZVDQG





)LJD (IIHFWVRIYROWDJHRQZLUHEUHDNDJHIUHTXHQF\DQGDYHUDJHURXJKQHVV E HIIHFWRISXOVHRQWLPHRQZLUHEUHDNDJHIUHTXHQF\FHIIHFWVRISXOVHRII
WLPHRQZLUHEUHDNDJHIUHTXHQF\DQGGHIIHFWVRIZLUHIHHGUDWHRQZLUHEUHDNDJHIUHTXHQF\DQGDYHUDJHURXJKQHVV
8VLQJ WKH LGHQWLILHG UDQJHVRI WKH IRXU :('0SDUDPHWHUV WKH SLORW H[SHULPHQWV ZHUH FRQGXFWHG WR DQDO\]H WKH HIIHFWV RI
WKHVH SDUDPHWHUV RQ WKH PLFURJHRPHWU\ EHKDYLRU DQG VXUIDFH LQWHJULW\ DVSHFWV RI WKH PHVRJHDUV DQG WR IXUWKHU EUDFNHW WKH
SDUDPHWHUVIRUPDLQH[SHULPHQWV7KH EHVWTXDOLW\ PHVRJHDU IDEULFDWHGGXULQJSLORWH[SHULPHQWV KDV ',1VWDQGDUG IRUSLWFK
ZLWK P SLWFK HUURU DQG',1 VWDQGDUG IRUSURILOH KDYLQJ PSURILOH HUURU ZKLFK LVPXFKPRUH VXSHULRU WKDQ WKH
TXDOLW\ RI JHDUV IDEULFDWHG E\ RWKHU FRQYHQWLRQDO SURFHVVHV 7KLV JHDU KDV DYHUDJH URXJKQHVV YDOXH RI  P DQG PD[LPXP
URXJKQHVVRIP 7KHYDOXHVRI WZR LPSRUWDQW URXJKQHVVSDUDPHWHUV VNHZQHVV DQG NXUWRVLV ZKLFKJRYHUQ WKH WULERORJLFDO
ILWQHVVRI WKHJHDU DUH  DQG UHVSHFWLYHO\ )LJXUHVDGGHSLFW WKH6(0 LPDJHVRI:('0HGPHVRJHDU)URP WKHVH
LPDJHVLW LVHYLGHQWWKDW WKH:('0HGPHVRJHDUVSRVVHVV EXUUIUHHXQLIRUPWRRWKSURILOH DQG DEVHQFHRIDQ\DGYHUVHWKHUPDO
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D DW ; EDW ;
FDW ; G DW ;
)LJ 6(0 LPDJHVRI :('0HG PHVRJHDU DQGLWV WRRWKSURILOH ZLWKPDJQLILFDWLRQDW D  ; E  ;F  ;DQGG  ;
 &RQFOXVLRQV
(IIHFWV RI IRXU LPSRUWDQW :('0 SDUDPHWHUV QDPHO\ YROWDJH SXOVHRQ WLPH SXOVHRII WLPH DQG ZLUH IHHG UDWH RQ ZLUH
EUHDNDJH IUHTXHQF\ VXUIDFH URXJKQHVV DQG PDFKLQLQJ UDWH ZHUH VWXGLHG GXULQJ PDFKLQLQJ RI EUDVV LQ RUGHU WR EUDFNHW WKHLU
UDQJHV IURPWKH DYDLODEOH UDQJHVRQ WKH :('0PDFKLQH IRU HDVH RI PDQXIDFWXULQJ RI PHVRJHDUV 7KHIROORZLQJFRQFOXVLRQV
FDQEHGUDZQIURPWKHSUHVHQWUHVHDUFKZRUN
x )UHTXHQWZLUHEUHDNDJHV DQGGHWHULRUDWLRQLQVXUIDFHILQLVK ZHUHREVHUYHGDWKLJKGLVFKDUJHHQHUJ\SDUDPHWHUVHWWLQJVLH
YROWDJHDERYH9SXOVHRQWLPHDERYHVDQGSXOVHRIIWLPHEHORZV
x 8VHRIYROWDJHEHORZ9DQG SXOVHRQWLPHEHORZVFDXVHGXQVWDEOHPDFKLQLQJZLWKYHU\ VORZ FXWWLQJ UDWH
x 0DQXIDFWXULQJRIWKH PHVRJHDUVXVLQJWKHEUDFNHWHGUDQJHVRISDUDPHWHUV UHVXOWHGLQ EXUUIUHHXQLIRUPWHHWKSURILOHJRRG
URXJKQHVVFKDUDFWHULVWLFVDQG PDQXIDFWXULQJTXDOLW\ ',1VWDQGDUGXSWRZKLFKLV PXFKEHWWHUWKDQ WKHTXDOLW\RIWKHJHDUV
PDQXIDFWXUHGE\ WKH RWKHUFRQYHQWLRQDOSURFHVVHV
x 7KHILQGLQJVRIWKHSUHVHQWZRUNSURYLGHDVWURQJEDVLVIRUIXUWKHUH[SORUDWLRQRI:('0IRU PDQXIDFWXULQJ RI KLJK TXDOLW\
PHVRJHDUV
5HIHUHQFHV
$OL 0<.DULP $10$GHVWD (<7 ,VPDLO $)$EGXOODK $$ ,GULV 01  &RPSDUDWLYH VWXG\RI FRQYHQWLRQDODQGPLFUR:('0EDVHGRQ
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